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is possible that some forms of RP might be dif-
ferent diseases even with a common inheritance
pattern.!

The probably normal plasmatic transport of
retinol in RP does not obviously rule out the pos-
sibility that a defect of vitamin A metabolism is at
the root of some form of RP. Nothing is known of
the intimate mechanism by which retinol is
utilized by the pigment and neuroepithelium of
the retina. It is clear that only a better knowledge
of this basic point at the molecular level in nor-
mal and RP eyes will help settle the cuestion
whether or not a local disturbance of retinol me-
tabolism is of any importance in this disease.

The authors are very much indebted to Prof.
J. Frangois (Ghent) for having kindly supplied
the sera of dominant and sex-linked RP and to
Dr. Rask L. (Uppsala) for the anti-human RBP
serum.

From the University Eye Clinic and the Insti-
tute of Microbiology of the University of Parma,
43100 Parma, Italy. This work was partly sup-
ported by a grant from Consiglio Nazionale delle
Ricerche. Submitted for publication Oct. 7, 1974.
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Blood pressure and pressure amaurosis.
Gany K. PHELPS AnD CHaRLES D. PHELPS.

Susceptibility to pressurc amaurosis was mea-
sured in young research subjects before and dur-
ing blood pressure clevation induced by intra-
venous infusions of phenylephrine. Intraocular
pressure clevations were produced by paralimbal
suction; we measured the highest level to which
intraocular pressure could be raised without ob-
literating perception of a slowly flickering stimu-
lus in the nasal field of vision. Elevation of
systemic blood pressure was accompanied in all
subjects by a corresponding increasce in the highest
“safc” level of intraocular pressure. This observa-
tion confirms the commonly held hypothesis that
pressure amaurosis is the result of pressure-in-
duced neuroretinal ischemia.

Pressure amaurosis is a sudden loss of vision
occurring a few seconds after a marked elevation
of intraocular pressure. Depending upon how high
the pressure is raised, the amaurosis may be
partial or complete. Certain parts of the visual
field, including the Bjerrum region,'-¢ the peri-
cecal area,*:s the nasal field,” and the far pe-
riphery,t: $ lose vision at pressure elevations in-
sufficient to cause amaurosis in the remaining
central and temporal portions of the field. Because
early loss of vision from glaucoma typically occurs
in the same pressure-sensitive areas of the visual
field, it is possible that the mechanism for visual
loss in pressure amaurosis and glaucoma are
similar.

An ischemic mechanism for pressure amaurosis
is implied by several observations. First, in order
to induce amaurosis, intraocular pressure must be
raised to near the diastolic ophthalmic artery
pressure.® 7 Second, individuals with high oph-
thalmic artery pressures are, in general, less sus-
ceptible to pressure amaurosis than are individuals
with low ophthalmic artery pressures.®: %9 Fi-
nally, the blackout of vision in pressure amaurosis
resembles that which occurs with postural hypo-
tension or during positive acceleration in aviators,
two conditions which transiently lower ophthalmic
artery pressure.

These observations do not necessarily exclude
the possibility of a nonischemic mechanism. For
example, high intraocular pressure might direct-
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Fig. 1. The eflect of paralimbal suction on intra-
ocular Fressure. Suction was applied at A and
released at B. Intraocular pressure is being
monitored by a conventional electronic Schigtz
tonometer; thus, the decay in intraocular pressure
is much greater than that occurring with only
suction applied to the eye.

Table 1. Consistency of Px and blood pressure
relationship upon repeated measurements

BP ‘ Px ' BP-Px
Subject (mm.Hg) | (mm.Hg) | (mm.Hg)
A 99 62 37
A 98 61 37
A 94 60 36
B 80 47 33
B 81 48 33
B 93 57 36
C 79 51 28
C 81 49 32
C 64 39 25
D 89 48 41
D 89 48 91
D 87 48 39
Px = Highest intraocular pressure at which test stimulus

remains visible.
BP = Mean brachial artery blood pressure.

ly compress nerve fibers or distort their course
through the cribriform plate, thus interfering with
transmission of nerve impulses or with axoplasmic
flow.

In this study we wished to obtain conclusive
evidence for or against an ischemic mechanism
for pressure amaurosis. Specifically, we proposed
to determine whether or not raising an individual’s
blood pressure would alter his susceptibility to
pressure amaurosis.

Methods. We raised intraocular pressure in the
right eyes of young healthy subjects with a
Smith, Miller, and Patch semi-automated suction
ophthalmodynamometer.  Suction was applied
through an 11 mm. cup positioned over sclera
just temporal to the limbus. We could preset
the desired level of suction and instantaneously
transfer it to the eye, causing an abrupt rise in
intraocular pressure (Fig. 1).
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The subjects were seated at an Oculus (Tubin-
gen) perimeter and pre-adapted to a background
illumination of 10 asb. A red, 30', 1000 asb. fixa-
tion light was used. We monitored perception
at a single visual field point, 20° nasal to fixation
and 5° above the horizontal meridian. The test
stimulus light was white and 10" in diameter. It
was set to slowly ficker at a frequency of 2
Hz. in order to overcome the Troxler effect of
local adaptation; frequent blinking was also en-
couraged for the same purpose. A suprathreshold
stimulus of 1,000 asb. was used after preliminary
experiments  showed that varying the stimulus
intensity affected the measurement only if the
intensity was very close to threshold; at such low
stimulus intensities the subject’s endpoint decisions
became difficult and imprecise.

We determined the highest elevation of intra-
ocular pressure at which the test stimulus re-
mained perceptible. Our general procedure was
to apply to the eye a predetermined amount of
suction, have the subject measure by stopwatch
the time until the stimulus disappeared, and
then release the suction. We repeated this ma-
neuver several times, each time decreasing the
amount of suction by 5 mm. of vacuum (equiva-
lent to a decrement in intraocular pressure of 2
to 3 mm. Hg), until a level was reached at which
the test stimulus remained visible for at least
60 seconds. Upon reaching this endpoint, we
turned the subject to an adjacent slit lamp and,
with the suction reapplied at the critical level,
measured his intraocular pressure (Px) with a
Coldmann applanation tonometer. Mean systemic
blood pressure (diastolic blood pressure + Y%
{systolic blood pressure - diastolic blood pres-
sure}) was measured before and after each test
run. If the two measurements differed, the re-
sults were averaged.

To evaluate how alterations of blood pressure
might alect susceptibility to pressure amaurosis,
we measured Px in six subjects under each of the
following conditions: (1) control, with intra-
venous infusion of normal saline; (2) after intra-
venous injection of atropine sulfate, 1 mg. (3)
during a constant intravenous infusion of phenyl-
ephrine HCI, 0.1 ng per kilogram per minute,
preceded by an intravenous injection of atropine
sulfate, 1 mg,; and (4) during a constant intra-
venous infusion of phenylephrine HCI, 1.0 ng per
kilogram per minute, preceded by an intravenous
injection of atropine sulfate, 1 my.

Phenylephrine was infused through a constant
infusion pump. Reflex bradycardia  made the
phenylephrine-induced  blood  pressure  elevation
unstable unless atropine was given frst. Blood
pressure was measured every minute during the
infusion. Subjects were unaware of whether saline
or phenylephrine was being infused; the symp-
toms of atropinization could not be masked.
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Table 1I. Effect of atropine and phenylephrine on
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BP and Px (Mean * S.E.)

BP | Px BP-Px
(mm. Hg) | (mm. Hg) (mm. Hg)
Control 83.3 45 51.3 + 3.2 + 24
Atropine 87.8 + 1.7 54.0 + 25 L |
Phenylephrine, 0.1 #g/Kg./min., + atropine, 1 mg. 103.3 * 4.8 70.8 £ 6.5 + 3.5
Phenylephrine, 1.0 pg/Kg./min,, + atropine, 1 mg, 1122 * 1.6 772 t 24 350 * 1.8

Tukey's multiple comparison treatment was used
to evaluate the statistical significance of  ob-
served changes in BP and Px.

Results. With observer practice, the endpoint
(Px) became very sharp. Amaurosis was an all-
or-none phenomenon, oceurring either within four
to five seconds or not at all, depending on the
height of the intraocular  pressure. At Dx, the
brightness of the test stimulus waxed and waned
in phase with respiration,

Tuble I lists Px and mean systemic blood pres-
sure (BP) of four subjects, each tested three
times on diffcrent days. Although Px varied slight-
ly in two of the subjects from day-to-clay, the
BP-Px diflerence was  remarkably  constant  for
cach individual. '

Pharmacologic munipulation of blood  pressure
produced similur ellects on BP and Px in all
six subjects  (Table I1). Atropine, when given
alone, cansed no alteration of cither measurement,
Phenylephrine infusion, on the other hand, pro-
duced moderate elevations of both BP and Px
(p < 001 for each concentration of phenyl-
ephrine). The elevations of BP and Px were
greater during infusion of the more concentrated
solution of phenylephrine; however, this tendency
toward a dose-related response to phenylephrine
was not statistically significant. The increases ol
BP and Px during phenylephrine infusion were
nearly cqual; thus the difference between  the
two pressures (BP-Px) did not change.

No adverse ocular or systemic ellects were pro-
duced by the testing procedures.

Discussion. Our experiment was dtf.ﬂignc(l to
prove or disprove an i

€

hemic  mechanism for
pressure amaurosis. We reasoned that if pressure
amaurosis were the result of a direct nonischemic
action of high intraocular pressure on nenronal
function, phenylephrine-induced alterations in sys-
temic blood  pressure would not influence  sus-
ceptibility to pressure amaurosis. We found the
opposite to be true. The higher we raised systemic
blood pressure, the higher we needed to raise
intraocular pressure to induce amaurosis.

There is a remote possibility that phenylephrine
itself might, in some unrecognized manner, di-
r(;‘ctl)/ influence pre

ssure ensitivity of neural tissue.
However, such a neurotropic eflect is not one of
the known pharmacologic actions of phenylephrine;
an indirect ellect mediated throngh the blood
pressure seems much more likely.

Do the results of this experiment illuminate
the pathogenesis of chronic  glancomatous  optic
nerve damag
sure wmaurosis and  glaucomatous  visual loss s
ggested by several obvious similaritics.  Both
conditions result from an abnormally high intra-
ocular  pressure. Both appear to  preferentially
affect the wasal and  paracentral areas of the
visual ficld (although the exact pattem of re-
gional variations in  susceptibility to  pressure
amaurosis  requires further elucidation). Finally,
abuncdant clinical evidence suggests that the sus-
ct'ptibility of an nptic' nerve  to ql:um(mmtrms
damage, like its susceptibility to pressure amanro-
sis, depends upon the level of systemic blood
pressure. ¢

=P A close relationship between pres-

However, several equally obvious  differences
h(:ét\V('L"n tl\l_‘ two l)l"l(,‘ll()lll(?”ll h_‘l]]l)(”‘ (lll(}'s cn-
thusiasm for concluding that their pathogeneses
wre the same. Loss ol vision from p

SUre amanro-
sis s temporary; loss of vision from  glancoma
is usunlly permanent. Pressure amaurosis s sud-
den, occurring within a few seconds; glaucomatons
loss  of vision ocenrs  slowly, often  requiring
months or years. Extremely high intraocular pres-
sires we necessary to produce pressure amaurosis;
the intraocular  pressures in chronic  glaucoma
are usually much lower.

Thus the results of our experiment and ol any
others involving an acute marked clevation of
intruocular pressure should be interpreted with
caution, Information gained from acute experi-
ments may or may not be relevant to the patho-
s of glancomatous optic atrophy. The simi-
larities between pressure amaurosis and glancoma
do encourage further experiments to test how the
two phenomena are related.

We are indebted to W. R, Wilson, M.D., for
advice regarding phenylephrine infusions, to R.
Woolson, Ph.D., for statistical assistance, and to
S. S. Hayreh, M.D,, for reviewing the manuscript.

From the Department of Ophthalmology, Uni-
versity of Towa Hospitals, Towa City, lowa. Sub-
mittec lor publication Aug. 27, 1974, Reprint
requests: Dr. C. D, Phelps. This paper was pre-
sented at the Spring Meeting of the Association
for Research in Vision and Ophthalmology, April
27, 1974,
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Lymphocyte-induced vitreous membranes:
a comparative study with leukocyte- and

platelet-induced vitreous membranes.
MeTa A, MEecusar, Kwok-War Lanar,

FeLipe 1. ToLENTINO, AND HS1a0-Su Liu.

Vitrcous membrancs were induced in rabbit
eyes by injecting an autogenous lymphocyte prepa-
ration. These membranes were compared with
membranes induced by autogenous leukocyte and
platelet preparations. Lymphocytes gave risc to
faint, nonprogressive membranes, while leukocytes
and platclets produced dense, long-standing mem-
I)I'(HICS. It is .,\'Uggtﬂ'.\'“.f'(l that lympll()cytc‘&' l”ay not
be the cause of this weak response, as other cells
in the preparation may be involved.

In 1966, Freilich, Lee, and Freeman' injected
autogenous whole blood into rabbit eyes. Mem-
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branes appeared in all eyes reeeiving two blood
injections spaced at an interval of six weeks, and
in five of 24 eyes receiving onlv one injection.
Vitreous membranes have also been produced by
the injection of partially purified blood compo-
nents. Lam, Ashrafzadeh, and Lee? produced dense
vitreous membranes one week after the injection
of leukocytes. Constable and co-workers! induced
membranes with platelet-rich plasma. Red blood
cells may also have a role in the formation of
vitreous membrane.?

The present study reports the production of
vitreous membranes with a lymphocyte prepara-
tion and compares them with membranes pro-
duced with lenkocyte and platelet preparations.

Preparation of cells. Leukocytes, lymphocytes,
and  platelets  were  prepared  from antogenous
hlood as described previously.t-» There was less
than 1 per cent red cell contamination and no
platelet contamination in the leukocyte prepara-
tion. The lymphocyte preparation consisted of 90
per cent small Ivmphocytes. Cell concentrations,
measured by a hemocytometer count of at least
400 cells per sample, were adjusted to correspond
to normal blood: 1 104 cells per milliliter for
lymphocytes and 1 100 cells per milliliter for
platelets, suspended in saline.

Injection of cells. Adult pigmented and albino
rabbits were anesthetized with intravenous sodium
pentobarbital (30 mg. per kilogram). The fundus
was examined with the indirect ophthalmoscope.
Using aseptic techniques, 0.1 ml. of the cell
preparation was injected with a tuberculin sy-
ringe with a 27-gauge needle into the vitreous
cavity through the pars plana ciliaris 4 mm.
behind the limbus. The injection was located
the central vitreous by guiding the needle tip
with indirect ophthalmoscopy, which was also
used to observe the fundus after the injection.

A total of 63 eves were injected: 36 with
lymphoeytes, 13 with platelets, and 14 with
leukocytes. Fewer leukocyte and platelet injections
were performed, since they have been studied
previously® * und were only intended  for com-
parative purposes. Normal saline was injected
into the vitreous cavity of ten eyes as a control.

Examination. Follow-up examination of the
injected eyes was performed daily during  the
first week after injection and thcn at weckly
intervals for eight months (263 days). Examina-
tion included biomicroscopy and indirect ophthal-
moscopy. Visible vitreous membranes were photo-
graphed with a portable Kowa fundus camera.

Histopathology. All eyes were eventually enu-
cleated at different time intervals and the mem-
branes removed. The eyes were washed thorough-
ly with water to avoid contamination by blood.
The globe was sectioned at the equator with a
sharp razor blade and scissors. The exposed
vitreous was searched for membranes with a



